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ABSTRACT Degree-days for egg to adult development were determined for a laboratory
and a wlld-type isolate of the Indianmeal moth, Plodla interptnc'tella (Hiibner), reared on
wheat bran diet, almonds, pistachios, walnuts, raisins, and prunes. To avoid problems with
temperature-induced diapause and effects of diet, eggs and pupae were used to estimate
developmental thresholds used in degree-day determinations. Ircwer developmental thresholds
for eggs (14.8"C) and pupae (13.8"C) of both isolates were identical. A threshold of 14'C was
used for degree-day determinations for both isolates. Egg hatch on all diets was lower for the
wild-gpe isolate, but postembryonic survival of the wild-9pe isolate was similar to the labo-
ratory isolate. SuMval was <l2Vo on dried fruits, 76.5-97.7Va on nuts, and 95.3-97.3Vo on
wheat bran. Degree-days for the laboratory isolate for each &et was lower than those for the
wild-type isolate. Degree-days for each isolate was lowest when reared on wheat bran and
highest when reared on dried fruits. The determination of developmental thresholds for eggs
and pupae allows the use of a single lower threshold for all models, although different degree-
days will be necessary for each commodity.
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THE INDIANMEAL MorH, Plodia interpunctella
(Htibner), is a cosmopolitan pest that will develop
on a variety of grains, nuts, beans, meals, dried
fruits, and processed foods (Simmons & Nelson
1975). ln Califomia it is a maior problem during
processing and storage of dried frujt and nut coml
modities. Currently, control practices rely on
scheduled fumigation with methyl bromide or hy-
drogen phosphide. Methyl bromide has recently
been classiffed as an ozone depleter (EPA f993),
whjch will result in its use bein[ severely restricted
or eliminated. Insect resistancJto hydrbqen phos-
phine has been documented in othei corimoditiis
(Zettler et al. 1989). Consequently, concern over
the possible restriction of theie fumigants has gen-
eratad interest in reducing the nuriber of fimi-
gation treatments. One afproach is to fumiqate
only when needed. but beciuse of the lack oidi-
reci sampling methods for these commodities, it is
difficult to determine when treatment is necessary.
However, by combining commercially availabie
pheromone 

-lures 
with 

"a 
phenologci model, it
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would be possible to time fumigations for maxi-
mum efffcacy.

Developmental rate, survival, and reproduction
of Indianmeal moth is lcrown to be affected by
larval diet (Savov 1973a, LeCato 1976, Hoppe
1981, Cline & Highland 1985). Therefore, any
model developed to predict phenologr must take
diet into account. fohnson et al (1992) studied de-
velopment of Indianmeal moth at constant tem-
pera:tures on wheat bran and ground almonds, wal-
nuts, and pistachios to determine developmental
thresholds, but was limited to temperatures of
22"C and above because lower temoeratures in-
duced diapause in fifth instars. One way to avoid
this problem is to determine developmental
thresholds for eggs or pupae alone. We report re-
sults of a study to determine degree-days for egg
to adult development of two Indianmeal moth jso-

lates on several diets, using developmental
thresholds estimated for lndianmea.l moth eggs
and pupae. Comparisons of Indianmeal moth il6-
velopment on shelled almonds, walnuts, and pis-
tachios, raisins and prunes, as well as on a standard
wheat bran diet, were made.

Materids ond Methods

Two Indianmeal moth isolates were used in the
studv. The laboratorv isolate was obtained from a
walnut packinghousqin Modesto, CA, in November
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1967. The wild-type isolate was obtained from a
cuJJed fig warehouse in Fresno, CA. in July 1990.
Both isolates were maintained on a wheat bran diet
modified from Finney & Brinkman (1967) (Tebbets
et al. 1978). Normal rearing condilions were 28C,
60Vo RH, and a photoperiod of 14:10 (L:D) h.

Developmental Threeholds. Developmental
thresholds for eggs and pupae of both isolaies were
determined using temperatures of approximately
19,22, 25,28, 31, and 34 + 0.5'C. Temperatures
were maintained in environmental test chambers
kept at 507o RH and a photoperiod of 14:10 (L:D)
h. Actual average temperatures were measured
with a Polycorder datalogger (Omnidata, Logan,
UT) and t)?e T thermo;6uples made from 

-36-

gauge wire.
Indianmeal moth eggs were collected for 4 h

(from 0900 to 1300 hours PST) from oviposition
jars containing 100-150 adults. Scales r.' iere re-
moved from eggs by gently shaking the collection
container under a fume hood. The eggs were then
passed through a 32-mesh brass screen to remove
clumps of eggs and moth body parts. Eggs were
placed in cups made from hollow plastic test tube
caps (13 by 4 mm). The bottoms of the caps were
cut off, and l00-mesh brass screen was heat-sealed
to the cut edges. A balance was used to weigh out
2.1 mg of eggs (-196 eggs) into each cup, which
was placed in a S5-mm-diameter glass petri dish
bottom containin g 2.5 g of wheat bran diet. The
dish was sealed in a l50-mm-diameter covered
plastic petri dish along with another S5-mm-di-
ameter glass dish containing 22 mm of glycerine
solution adiusted to maintain 607o RH (Braun &
Braun 1958). A thermocouple was taped inside
each plastic dish and the dish was placed on the
stage of a dissecting microscope located inside
each test chamber, so egg hatch could be counted
in place. Eggs were checked for hatching every 6
h..Once haic-hing began, hatched eggs we"re count-
ed every other hour.

lndianmeal moth prepupae were collected in 3-
cm sections of plastic Sodktail straws twice daily
from rearing jars. The straws were examined with
a light board every 6 h to remove new pupae. For
each temperature, four l00-mm-diameter plastic
petri dishes lined with fflter paper with straws con-
taining 25 pupae were placed in a plastic shoe box
(25 bi 36 c-). a di.h containing 200 ml of gly-
cerine ad'iusted to maintain 607o RH was added
and a thermocouple was taped inside each of the
boxes, which weie then se^aled with clear plastic
food wrap and placed in the environmental cham-
bers. Th6 boxes'*ere checked every 12 h for adult
emergence. Once emergence began, adults were
counted every 4 h.

For both eggs and pupae, the above design was
replicated twice over 

-tiile 
for the laboratory iso-

Iate, and once for the wild-tlpe isolate. The'aver-
age time in.days from ovipoiikon to egg hatch, or
lrom pupal eclosion to adult emergence was
calculated for each temperature as mban devel-

opmental duration. Developmental rate was ex-
piessed as the reciprocal 6f duration. Develop-
mental rate was regressed against temperature and
a lower develoomental threshold estimated.

Degree-Day Determinations. The study was
conducted in a small rearing room with arnbient
relative humidity and a photoperiod of 14:10 (L:
D) h. Air conditioning and heating of the room was
adiusted to allow temperatures to fluctuate be-
tween 15 and 35'C. Thb diets included in the test
were wheat bran, 'Kerman' pistachio whole nut-
meats, 'Nonpareil' almond whole nutmeats, 'Har-

dey' walnut half nutmeats, 'Thompson Seedless'
raisins, and prunes. One kilogram of nuts or dried
fruit, or 600 g of wheat bran &et was placed in 4-
liter glass jars with screw top lids. A 65-mm-di
ameter hole was cut in each lid and covered with
40-mesh brass screen to orovide ventilation. Five
jars for each diet and isol'ate were used. A t)?e T
thermocouple was placed about 3 cm beneath the
diet surface in one iar of each of the diets.

Eggs were collect-ed over a I6-h period from ovi-
position jars set up in the rearing room. For each
&et and isolate, three egg cups each containing
-100 eggs (2.1 mg) were placed on the surface of
the diet in four jars. Diet was infested with eggs
from the laboratory isolate on 29 fune 1990, and
with eggs from the wild-type isolate on 3I july
1990. The fffth iar was left uninfested and the diet
was used for moisture determinations. After egg
hatch was complete (-1 wk), the cups were re-
moved and hatched and unhatched eggs were
counted. jars were monitored daily for adult emer-
gence. Adults were collected from each of the jars,
and their sex determined. Survival was calculated
from hatched eggs.

Moisture content was estimated at the beginning
and end of the developmental period for each diet
and isolate. Moisture content was determined by
toluene distillation for tle wheat bran; moisture
content of the nuts was determined in a vacuum
oven (Horowitz 1980). When possible, moishire
content of the raisins and Drunes was determined
with a dried fruit moistureiester (DFA t)?e A Se-
ries, Horowitz 1980), otherwise a vacuum oven was
useo.

Using the average hourly temperatures for tlre
test jarJand the loier deveiopmental threshold es-
timated earlier, average degree-days to adult emer-
gence was calculated for each jar. SAS procedure
GLM (SAS Insutute 1987) was used to compute a
two-way analysis of variance (ANOVA) to test for
the effects of isolate and diet, and their interaction
for egg hatch, survival, total emerged moths, and
degree-days. Multiple comparisons among diets
were computed within isolates using Tukeyt stu-
dentized range test; and comparisons between the
isolates were made with SAS procedure TTEST
(SAS Institute 1987).

Effect of Diet on Reproduction. Moths in co-
pulo were carefully collected from the &et jars and
placed in 500-ml plastic containers containing 125



-. Laboratory y=0.0229x-0.338 r=0.99
- - -+ wlld-type y=0.0224x-0.332 r=0.99

-. Laboratory y=o.0o92x.0.t27 r=0.99

- - -+ Wlld-type y=0.0091x-0.127 r=0.99

Intercept= 13.8'C
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Fig, L Developmental rates of eggs and pupae from
laboratory and wild-9?e Indianmeal moth isolates.

g of wheat bran diet. When mating pairs were not
available, calling females were matched with newly
emerged malesi Except for the laboratory isolatl
on pmnes, at least 15 pairs were collected for each
diet and isolate. Only six pairs of the laboratory
isolate on pr,rne. *"i. reci.r.,e.ed. The containeis
were kept'in the rearing room. As adult progeny
emerged- t}ey were coli"ected daily and their'sex
determined. SAS procedure GLM (SAS Institute
1987) was used to compute a two-way ANOVA to
test for the effects of isolate and diet, and their
interaction for total progeny and progeny sex ratio.
Multiple comparisons airone dieti wEre'computed
withiri isolatei using Tukey's itudentized rangl test;
and comparisons bitween the isolates werJ made
with SAS procedure TTEST (SAS Institute 1987).

Results

Developmental Threeholds. Developmental
rates for eggs and pupae of both isolates w-ere very
similar (Fig. I). Developmental rates increased lin-
early with temperature to 3l'C; for both -eggs. and
pupae developmental rates decreased slightly at
temperatures of -34'C. For tlis reason, the high-
est temperatures (=34'C) were not used in linear
regression analysis. Correlations of developmental
rates with temperature for eggs and pupae ?or both
isolates were very high (r =-b.gg). ih-e lower de-
velopmental threshoi-ds were calculated as 14.8'C
for eggs and 13.8'C for pupae. It was decided to

Fig. 2, Moisture contents of diets used in degree-day
determinations.

use a threshold of l4'C for future degree-day cal-
culations.

Degree-Day Deterrninatione. Beginning and
ending moisture contents for the different diets are
shown-in Fig. 2. Moisture contents in the nuts and
wheat bran-diet did not chanqe appreciably, al-
though the wheat bran for the t'iJd-$ie isolate did
drop from 18.7 to l7.5%o. The biggest change in
moisture occurred in raisins for the laboratory iso-
late (from L5.6 to 12qo). Also, both raisins and
prunes for the wild-type isolate were drier than
those used for the laboratory isolate. Because t}re
diets were infested with the wild-tvr:e isolate a
month after the laboratory isolate, the dried fruits
were kept in storage, and may have lost moisture
during this time.

Egg hatch and survival of the two isolates are
shown in Table 1. We were unable to determine
egg hatch for the laboratory isolate on wheat bran
because developing lawae crawled back into the
egg containers before counts could be made. Con-
sequently, an overall average egg hatch for the lab-
oratory isolate on all other diets was used to esti-
mate survival for wheat bran. The value for egg
hatch of wheat bran was excluded from statistical
analysis.

Molsture Content
.;

8.sB_5 LJBeglnning V)Endlng

Laboratory F{ y4Z

Wild-type '! l .s

4.1 4 3,9 3,9--Wl 2'e z,q f-W)

Walnuts
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Table l. Egg hatch and eurvivsl of trro Indianmeal nroth isolat€s on different dietg

Mear 9o eg hatch 1 SEM Mean 7o survivd t SEMa Mean total edults a sEM

Laboratory wild-q?e Laboratory wild-gpe Inbolatory wild-q?e

Wheat bran
Pistachios
Walnuts
Almonds
Raisins
Prunes

(94.0)b
91.7 I 0. c*
94.7 t 1.03b*
94.7 a 0.48b*
97.3 I 0.25a*
94.0 t 0.41bc+

45.0 a 0.91ab
43.7 a 1.80b*
44.3 r I.38b*
43.0 I 1.87b*
53.0 I 2.83a*
M.7 ! t .49b*

95.3 t 1.25a
91.7 t l .31ab*
86.5 a l.66bc
81.3 x 2.43c
6.5 a 0.29d
0.7 1 0.48d+

97.3 t 4.13a
84.3 1 0.85b*
82.5 ! 0.50b
76.5 a 0.87b

7.3 t 0.85c
ll .0 a L68c*

272.0 ! 3.58^,
4.5 i 3.92b*

254.0 ! 3.53b'
227.0 ! 5.I2c*

18.3 a 0.85d
2.5 ! 1.32e*

I9L7 t I0.0x*
158.3 i 6.88b*
152.5 r 2.78b*
142.3 I 0.63b'.
15.3 a 1.80c
2O.7 ! 2.84c*

Means within columns followed by the same letter are not signiffcantly different (P > 0.05 level; Tukey's studentized range test [SAS
lnstitute 1987]). +, Signiffcant difference between means of isolates (P = 0.05 level, t-test ISAS Institute 1987]).

a Percentage of survival. emerging adults/hat<hed eqgs.
b Value caiiulated by averaging overall percentage diegg hatch, noi used in analysis.

Analysis of variance lor egg hatch showed sig-
niffcance (P < 0.05) for isoliGs (F : 4,029.1I; df
: L, 47: P = 0.000f) and for the diets (F : 7.56;
df = 5, 47: P = 0.000I), but no interaction be-
tween isolates and diets (F = 1.87, df : 5, 47; P
= 0.f2). Egg hatch for the wild-rype isolate was
much lower than for the laboratorv isolate (t =
I5.58-3L82, df = 6, P = 0.0001). 

'For 
both iso-

lates. egg hatch was highest on raisins.

Survival from neonate to adult was similar for
both isolates, and greatly affected by diet. ANOVA
resulted in siqniffcance (P < 0.05) for the diets (F
: 1,221.54; df = 5,47; P : 0.000I) but no signif-
icance for isolates (F = 0.31; df = I,47: P = 0.58).
Interaction between isolates and diets was also sig-
n i f fcant  (F = 7 .03;  d f  =  5 ,47;  P = 0 .000I ) .  When
the diets within each isolate were analvzed. mean
seDaration showed survival to be besi on wheat
bran and worst on dried fruits. Survival on nut di-
ets differed with the isolates; the wild-ty?e isolate
survived equally on nuts, but the laboratory isolate
survived better on Distachios than on walnuts.
When t-tests were pdrformed to compare isolates
on each &et, the survival of the laboratory isolate
was higher than the wild-type isolate on pistachios
(t : 4.78, df : 6, P = 0.005), but lower than the
wild-qpe isolate on prunes (t = -5.86, df : 6, P
: 0.007). Survival was similar on all other diets (t
: -0.83-2.3r, df : 6, P > 0.05).

Analysis of variance for total adults emerging
showed significance (P ( 0.05) for isolates (F =
511.05; df = 1,, 47; P = 0.000r), diets (F =
1,025.33; df : 5, 47: P : 0.000f) and interaction
between isolates and diets (F = 68.08; df : 5,47;
P = 0.0001). With the exception of the dried fruits,
total adults weie higher inlhe laboratory isolate (t
= 7.55-22.55, df = 6, P < 0.05). Total adults of
the wild-type isolate were higher than the labora-
tory isolate on prunes (r = -5.83, df = 6, P =
0.001), and similar on raisins (t : 1.51, df = 6, P
: 0.20). When the diets within each isolate were
analyzed, total adults were highest on wheat bran,
and lowest on the dried fruits. Total wild-tvD€ aduit
numbers were simi.lar on all three nuts,-but wal-
nuts produced signiffcantly fewer laboratory adults.
Wild-noe adult numbers were similar in the dried
fruits, but prunes produced significantly fewer lab-
oratow adults than raisins-

The pattern of adult emergence from the dif-
ferent diets is similar for the iwo isolates (Figs. 3
and 4). Emergence over time from the wheat 

-bran

diet is comprEssed, with numbers rapidly peaking
and then quicHy dropping off. All emerqence from
wheat bran diet occuiled"within a I0-d o'eriod. The
pattern of emerqence from the three nut diets is
iimilar, but em"ergence occurred during 20 d.

@
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Fig. 3. Awrage daily temperature and adult emer-
gence of laboratJry isolite froir different diets.
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2.05c* 1,036 a
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2.25a+
1.39b*
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1.06c*
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Fig. 4. Average daily temperature and adult emer-
gence of wild-5pe isolate from different diets.

Emergence from the dried fruits is spread out over
a long period, with no obvious peik emergencb.
Emergence of the laboratory isolate from all diets
except prunes occurred earlier than the wild-type
lsolate.

Degree-days for the isolates on the diets were
calculated using 14'C as a lower threshold (Table
2). Analysis of the wheat bran and nut &ets was
done separately from the dried fruits because of
wide dif?erences in variances. ANOVA for deqree-
days for the wheat bran and nut diets showeil sig-
niffcance (P < 0.05) for isolates (F = 54,951.61; ilf
= I, 3I; P : 0.0001), diets (F = 2,996.66; df: 3,
3l; P : 0.0001) and the interaction between iso-
lates and diet (F : 73.03; df: 3, 3l; P : 0.000f).
When t-tests were used to compare the isolates on
each diet. degree-days for the laboratory isolate
was a.lways signiffcantly lower than the wild-tvoe
isolate (r : 

"- 
186.39 

'to 
-82.54. dt = 6. f 

':

0.0001). Mean separation of the diets for each iso-
late showed that 6oth isolates developed fastest on
wheat bran and slowest on walnuts. fhe laboratorv
isolate developed faster on almonds than pistachi-
os, but this w^as reversed for the wild-tvod i.ol"tu.

Means within columns followed by the same letter are not sig-
niffcantly different (P > 0.05 level; Tukey's studentized range test
[SAS Institute 1987]). Wheat bran and nut diets were analyzed
separately from dried fruit diets. *, Signiffcant difference between
means of isolates (P s 0.05 level, t-test ISAS Institute 1987).

ANOVA for the dried fruits showed no sisnificant
dilference between isolates, diets, or their inter-
action (P > 0.05). Degree-days for dried frults was
much hisher than for wheat bran and nut diets.

Effeciof Diet on Reproduction. The effect of
the different diets on reproduction is given in Ta-
ble 3. Only those pairs that produced progeny
were included in the analysis. Only 7 out of 15
oairs of the laboratorv isolate reared on wheat bran
iroduced progeny; ail other isolates and diets had
at least Il out of 15 pairs with progeny, except for
the laboratory isolate on prunes, which had 3 out
of 6 pairs with progeny. ANOVA for progeny per
female showed signiffcance (P < 0.05) for diets (F
= 7.7; df : 5,I4I; P: 0.0001) and no significance
for isolates (F = 0.09; df : I, l4I; P : 0.77) or
interaction between isolate and diet (F : I.4: df
: 5, 141; P - O.23). Mean separation of diets
showed that the laboratory isola[e reared on pis-
tachios produced signiffcantly more progeny than
those on almonds, raisins, or prunes. The wild-qpe
isolate reared on almonds, pistachios, and wheat
bran produced signiffcandy rnore progeny than
those on prunes. When t-tests were used to com-
pare the isolates on each &et, the laboratory isolate
reared on almonds was found to produce signifi-
cantly fewer progeny (t : -2.54, df : 22, P =
0.017) than the wild-type. Progeny numbers for
both isolates *ere similir (, = 

"-0.37-1 
93, df =

19-28. P > 0.05) from all other diets.
Analysis of variance for progeny male/female sex

ratios ihowed sie-nificancJ (f< 
'0.05) 

for isolates
(F : 11.32; df: I, 141; P : 0.00r) but no signif-
icance for diet (F : 1.31; df : 5, L4I; P : O.27)
or the interaction between isolates and &ets (F -
0.54; df = 5, l4I; P = O.75). When t-tests were
used to compare the isolates on each diet, progeny
sex ratios of the wild-tvr:e isolate on the wheat bran
and nut diets were 

'ail 
significantly higher than

those of the laboratory isolais 11 = -j3.36"to -I.73;
df = 19-28; P < 0.I). Progeny ratios on the dried
fruits were similar (t = -b.fg, df : 12-24, P >
0 .1 ) .
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Table 3. Progeny produced by two Indianneal moth igolatee reared on dijfferent diers

739

Laboretory Wild-type

Mean progeny/
9 1 SEM d/9 r sEM Mean progeny/

9 I S E M d/9 r sEM

Wheat bran
Pistachios
Walnuts
Almonds
Raisins
Prunes

14

TC

1 l
I I
l 1

7
12

I3

3

66.0 t 5.8ab
8I.7 ! 5.4a
65.7 ! 3.2^b
57.4 ! 4.Ob*
48.2 r 5.5b
44.3 r 13.0b

0.79 r 0.07,r,*
0.59 r 0.05**
0.64 t 0.06*,*
0.77 ! 0.07!.*
0.78 1 0.09
0.78 r 0.r7

70.3 l 3.la

13.I x 4.7a*
50.4 1 7.3ab
45.3 a 8.5b

0.96 a 0.06|'*
0.84 a 0.05**
0.84 I 0.09**
0.99 t 0.11**
0.80 r 0.08
0.83 a 0.I5

_ Means within columns_followed by the same letter are not signiffcantly different (p = 0.05 level: Tukey s studentized range test ISAS
Inshtute 19871). *, signiffcant diff-erence between means of isolates (P <'0.05 level, r-tesr ISAS lnstitute l'987]): *., significarit difference
between means of isolates (P < 0.1 level, f-test [SAS Institute 1987]).

Discugsiol

Indianmeal moth is the storage pest of most
concern to processors of raisins, prunes, almonds,
pistachios, and walnuts. The results of the current
study, however, show that developmental rates and
survival of Indianmeal moth were much lower on
dried fruits than on nuts. The reason for this is
unclear. Humidilr and moisture content of diets
have been found to affect both survival and devel-
oprrrent oJ Indianmeal moth and related pp.alids.
Abdel-Rahman et al. (1968) showed thai hisher
moisture contents of corn varieties *ere oTten
more suitable for development of Indianmeal
moth. Similar results were fiund by Warren (1g56)
for Angoumois grain moth, Sitotroga cerealelLa
(Olivier). Mbata & Osuii (1983) showbd that rela-
tive humidities of 7O40Vo were best for Indian-
meal moth development on peanuts, and that 607o
RH slowed deveilopment 

^and 
decreased adult

weight. Johnson et al. (f992) found a positive cor-
relation (Ii > 0.97) between moisturelevels of di-
ets and developmental rates and survival.

However, moisture content for dried fruits is
typicaily much higher than that of nuts. In the cur-
rent study,- moisture contents of the nuts was only
one-third that ofthe dried fruit. Savov (1973a) also
found that Indianmeal moth reared on walnuts and
almonds had shorter developmental times than
those reared on dried fruits. Even when comparinq
similar diets, moisture content may be. seco-ndaryl
development of both Indianmeal moth and Angou-
mois grain moth varied considerably between-dif-
ferenicorn cultivars of identical moisture contents
(Warren 1956, Abdel-Rahman et al. 1968). Swa-
tonek (1973) found a negative correlation between
larval developmental rai-es and mortality of In&-
anmeal moth reared on paprika cultivari with dif-
lerent capsaicin contents. Obviously, moisture con-
tent cannot be the only determininq factor.
especially when comparing widely differe-nt diets.-Overail 

survival on the riheat blan and nut diets.
when measured as the number of emerging adults,
was-much higher for the laboratory isolite lhan the
dd:Wpg iso-late. This was caused by the reduced
egg hatch of the wild-type isolate; postembrvonic
survival of the two isohtls on .t rheat bran ani nut

&ets was similar. The reason for the poor hatch of
t}e wild-type isolate is unknown. but may have
been the result of undetected disease or lower
mating sucess in the recently isolated stock. Post-
embryonic survival of both isolates on dried fruit
was very poor (<I2Vo), but survival of the wild-
tgre isolate on prunes was significantly higher than
dre laboratory isolate. Because the wild-tpe iso-
late was obtiined from culled figs, lt m'al' have
been preconditioned for improved survival on
Drunes.- 

In an earlier study (Johnson et al. 1992), survival
of Indianmeal moth reared on ground walnuts was
signiffcantly less than those reared on ground al-
monds or ground pistachios. At 35"C, egg hatch
was reduced and no adults emerged from walnuts.
In the current studv. where whole walnut halves
were used instead of qround walnuts, egq hatch
and survival of both isol-ates on walnuts w#similar
to or higher than almonds and pistachios. Oxidative
rancidity in walnuts can be induced by storage at
high temperatures (>35'C) and by grinding (Mus-
co & Cruess 1954). Possible end products of ran-
cidification include volatile aldehyies and ketones
which may be toxic to insects. thus, the results
reported in ]ohnson et al. (1992) for walnuts was
possibly caused by ranci&ty caused by grinding.

In the same study (Johnson et al. 1992), we es-
timated lower deveiopmental thresholds to be
16.6, 17.5, I7.I, and lil.O'C for Indianmeal moth
egg to adult emergence on wheat bran diet,
ground almonds, ground pistachios, and ground
walnuts, respectively. We felt that these tempera-
tures were too high to be accurate. Savov (1973b)
determined the lower developmental temperature
threshold for Indianmeal moth to be much lower
(f 3.5"C). Because of temperature-dependent dia,
pause induction in the larval stage (Tzanakakis
1959, Bell 1976), we were limited to temperatures
of 22"C or above. In ad&tion, &et had'an effect
on larval development, yielding a different thresh-
old for each &et. The current study avoided these
problems by determining thresholds for eggs and

fiupae, stag6s unaffected-by diapause or &6i.
Developmental rates for eggs and pupae of both

isolates were nearly identical, but degree-days ac-
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cumulated for egg to adult emerqence of the lab-
oratory isolate riri the wheat brin and nut diets
were much lower than for the wild-tr,oe isolate.
Continuous culturing of the laboratoryliolate may
have selected for i faster lawal develoomental
rate. Accumulated degree-days for both isoiates on
dried fruit were statistically similar; again, this may
be because the wild-typ6 isolate lias precondi-
tioned for survival on'dried fruit. Theie results
show that wild-tvpe isolates are essential for de-
velopment of deliee-day information.

Simmons & Nelson (1975) gave the averaqe
number of eggs per female produced by Indian-
meal moth on dried fruit to be 170. The averaqe
number of adult progeny produced per female f6r
Indianmeal moth reared on wheat bran diet and
ground nuts ranged from 258.5 to 339.1 (Johnson
et al. 1992). In the current study, average adult
progeny numbers for both isolates on the different
diets were much lower, ranging from 44.3 to 8J.7.
To maintain uniformity in ihelest, a single batch
of wheat bran diet was frozen and used for all
progeny determinations, a practice often used for
the maintenance of stock moth cultures without
adverse effects. Freezing may have altered the diet
and caused the reduced progeny numbers. The
Iow progeny numbers obtained- in'our study should
not be used to infer that Indianmeal moth is not
a serious pest on these products.

The determination of develonmental thresholds
for eggs and pupae allows the uie of a single lower
threshold in all modeis. Different degree-days for
each commodiry however, will still be necessary A
variety of nuts and dried fruits, all susceptible to
infestation by Indianmeal moth, are produced and
processed in the California Central Valley, some-
times in the same pachng plant. Not all product
within a single pachng plait is stored unde. tl'e
same temperature and humidity con&tions. These
factors add to the complexity of any proposed
model. Despite these diiffcultjes, information on
Indianmeal moth developmental rates should
eventually lead to more efffcient pest management.
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